in a nucleic acid hybridization to differentiate between PRCV and TGEV isolates. We have developed two cDNA probes on the basis of the nucleotide sequence of the S gene of TGEV that can be used to differentiate between PRCV and TGEV isolates. 20 Other researchers have reported on the use of TGEV cDNA probes in a nucleic acid hybridization to differentiate between TGEV and PRCV isolates; however, these previously reported hybridization methods relied on using cDNA probes labeled with the radionuclide 32 P. 1, 8, 16, 22 In this article we report on a nucleic acid hybridization assay that uses an immunochemiluminescent detection method to differentiate between TGEV and PRCV isolates, thus avoiding the use of radioactive materials.
The isolation of the PRCV isolates AR310, LEPP, and IA1894 has been previously described. 20 The PRCV isolates PON, IA725, and IA588 were isolated from nasal swabs from swine in herds that had antibodies to TGEV but no evidence of diarrhea and thus were suspected of having PRCV infection. Nasal swabs were collected, placed into 1 ml of minimum essential medium with 2% fetal bovine serum and antibiotics, and mixed for 20 seconds. Two hundred microliters of the nasal swab minimum essential medium was inoculated onto swine testicle (ST) cells. Cytopathic effect was present on the first passage in ST cells for the PRCV isolates PON, IA725, and IA588. The PRCV isolates AR310, LEPP, and IA1894 were plaque-purified a total of 3 times, and stock virus was stored at -70 C. The PRCV isolates PON, IA725, and IA588 were not plaque-purified for this study. All of the PRCV isolates replicated and produced CPE in the ST cell line on the first passage, and this appears to be characteristic of PRCV isolates.
The Miller strain of TGEV was used as the standard TGEV strain in this study. The PRCV isolate ISU-1 was received as a plaque-purified preparation and was kindly provided by Dr. Howard Hill (Iowa State University Veterinary Diagnostic Laboratory). 7 ST cells were infected at a multiplicity of infection (moi) of approximately 0.1 plaque forming unit/cell with Miller TGEV and the PRCV isolates AR310, ISU-1, IA1894, or LEPP. At 19 hours postinfection, the medium was removed, and the total RNA was isolated from the infected ST cell monolayers by a rapid guanidinium thiocyanate method: The moi used for the PRCV isolates PON, IA725, and IA588 was unknown as these isolates were not plaque-purified and not titered. Total RNA from the ST cell monolayers infected with the PRCV isolates PON, IA725, and IA588 was isolated when the infected ST cell monolayers started showing approximately 25-30% CPE. Total RNA from uninfected ST cell monolayers was also isolated and used as a negative control. The RNA was washed with 70% ethanol, dissolved in diethyl pyrocarbonate-treated distilled water, and stored at -70 C.
Ten micrograms of total RNA from uninfected and TGEV- Figure 1 . Schematic diagram of the S gene of TGEV indicating the characteristic deletion of PRCV and the location of the probes FP1 and FP2. The cDNA probe FP2 was used to detect the S gene of both TGEV and PRCV in a dot-blot hybridization assay, whereas the cDNA probe FP1 was used to detect only the S gene of TGEV in a dot-blot hybridization assay. or PRCV-infected ST cell monolayers was denatured with formaldehyde and formamide 15 and then blotted to nylon membranes b using a 96-well hybridot manifold apparatus. c The membranes were washed in 10 x saline sodium citrate (SSC) (1 x SSC is 0.15 M NaCl plus 15 mM sodium citrate), allowed to air-dry, and then baked at 80 C for 2 hours to fix the RNA. The membranes were prehybridized for 2 hours in a solution containing 50% formamide, 5 x saline sodium phosphate EDTA (SSPE) (1 x SSPE is 0.18 M NaCl, 10 mM sodium phosphate, and 1 mM ethylenediaminetetraacetic acid [EDTA]), 4 x Denhardt's solution, 1.0% sodium dodecyl sulfate (SDS), and sonicated salmon sperm DNA (30 µg/ml) at 42 C. The cDNA probes used in the hybridization procedure are designated FP2 and FP1 ( Fig. 1 ) and were described previously. 20 FP2 is a 2.28-kb polymerase chain reaction (PCR) product that was amplified by the primers 101004 (5' ggggatccAGAACTATAGGTAACCATTGG 3') and 060704 (5' ggggatccGCAGTGCCACGAGTCCTAT-CAT 3') and cut with the BamHI restriction enzyme and cloned in the phagemid vector pKS+ . d FP1 is a 0.58-kb PCR product that was amplified by the primers 101004 and 100907 (5' gggggaaTTCTAATGTAGTCGCACGCAT 3') and cut with BamHI and EcoRI restriction enzymes and cloned in the phagemid vector pKS+ . d FP2 encompasses the 5'-half of the TGEV S gene and thus will hybridize to both TGEV and PRCV S genes. However, FP1 encompasses the region of the TGEV S gene that is deleted from all PRCV isolates known thus far and will only hybridize with the S gene of TGEV. The FP1 and FP2 PCR products were originally amplified from a plasmid containing the Miller TGEV S gene using the appropriate primers under the following parameters: 1 cycle of 1 minute at 94 C, 1 minute at 48 C, and 5 minutes at 72 C; 30 cycles of 1 minute at 94 C, 1 minute at 48 C, and 3 minutes at 72 C; followed by 1 cycle of 1 minute at 94 C, 1 minute at 48 C, and 5 minutes at 72 C in a DNA thermal cycler. e To make cDNA probes the FP1 and FP2 PCR products were reamplified from their respective plasmids using the conditions described above. The FP1 and FP2 PCR products were then separated on a 2% low-meltingpoint agarose f gel and then purified from the agarose gel by a PCR purification kit. g Twenty-five nanograms each of FP1 and FP2 PCR products were labeled with digoxigenin-labeled deoxyuridine triphosphate in the presence of random hex-amer primers and Klenow fragment of DNA polymerase I. h Unincorporated digoxigenin-labeled dUTP was removed by passing the labeled DNA through a Sephadex G-50 column. h The digoxigenin-labeled FP1 and FP2 probes were then heated to 100 C, cooled on ice, and then added to the appropriate prehybridization reaction and allowed to hybridize overnight. The membranes were washed once in 2 x SSC-0.3% SDS at room temperature, twice in 2 x SSC-0.3% SDS at 65 C, and once with 0.2 x SSC at 65 C. The membranes were washed in buffer 1 (100 mM maleic acid and 150 mM NaCl; pH, 7.5) for 1 minute, followed by a 30-minute incubation in buffer 2 (1% blocking agent h ). The membranes were then incubated for 30 minutes in buffer 2 containing 150 mU/ml of alkaline-phosphatase-labeled anti-digoxigenin conjugate. h Unbound antibody conjugate was removed by washing the membranes twice in buffer 1 for 15 minutes. The membranes were equilibrated in buffer 3 (100 mM Tris-HCl, 100 mM NaCl, and 50 mM MgC1 2 ; pH, 9.5) for 2 minutes. For immunochemiluminescent detection, the membranes were repeatedly passed through the detection reagent h and enclosed in plastic wrap. Chemiluminescent signals were detected by exposing X-ray film i to the membranes. As expected, the probe FP2 detected the TGEV and PRCV mRNAs present in the total RNA isolated from the PRCV-and TGEV-infected ST cells (Fig. 2) . The probe FP1 detected only TGEV mRNA present in the total RNA isolated from the TGEVinfected ST cells. The FP1 and FP2 probes did not hybridize to the RNA isolated from the uninfected ST cell culture.
The titers of PRCV AR310 and Miller TGEV were determined by plaque assay as previously described. 19 The PRCV isolate AR310 and the Miller strain of TGEV were diluted in minimum essential medium to a virus concentration of 10 6 , 10 5 , 10 4 , 10 3 , 10 2 , or 10 1 PFU per 100 µl. SDS and proteinase K j were added to each dilution of PRCV or TGEV to a final concentration of 0.1% and 500 µg, respectively, mixed, incubated at 37 C for 30 minutes, and phenol/chloroform was extracted. The extracted viral RNA was then heated to 100 C for 5 minutes, cooled on ice, and blotted to nylon membranes as previously described. 10 The membranes were then used in a dot-blot hybridization assay as described above. Using RNA from virus-containing cell culture lysates showed that at least 10 5 PFU of TGEV could be detected (data not shown).
To determine the specificity of the nonradioactive probes, cell culture lysates from 2 group A rotaviruses (OSU and Gottfried), 3 enterovirus isolates (groups 1, 2, and 8c), and porcine parvovirus (NADL-2) were treated with SDS and proteinase K, boiled, and blotted to nylon membranes as previously described. 10 The membranes were then used in a dot-blot hybridization assay as described above. The FP1 and FP2 probes were shown to be specific as the probes showed no reactivity to the rotavirus, enterovirus, or parvovirus nucleic acids (data not shown).
The probe FP2 described in this study was specific for TGEV and PRCV RNA in an immunochemiluminescent dot-blot hybridization assay. Additionally, the probe FP1 was able to differentiate between PRCV and TGEV isolates an immunochemiluminescent dot-blot hybridization assay. This nucleic acid hybridization procedure takes advantage of the characteristic deletion in the 5' end of the S gene found Figure 2 . Dot-blot hybridization assay using the digoxigeninlabeled FP1 and FP2 cDNA probes and immunochemiluminescent detection of specific hybridization. A. The cDNA probe FP2 was labeled with digoxigenin-labeled dUTP and was hybridized with the total RNA from ST cell cultures that were infected with Miller TGEV (1), uninfected (2), or infected with the PRCV isolates ISU-1 (3), AR310 (4), IA1894 (5), LEPP (6), PON (7), IA725 (8), and IA588 (9). Note that the cDNA probe FP2 hybridized with total RNA from both TGEV-and PRCV-infected ST cell cultures. B. The cDNA probe FP1 was labeled with digoxigenin-labeled dUTP and was hybridized with the total RNA from ST cell cultures that were infected with Miller TGEV (1), uninfected (2), or infected with the PRCV isolates ISU-1(3), AR310 (4), IA1894 (5), LEPP (6), PON (7), IA725 (8), and IA588 (9). Note that the cDNA probe FP1 hybridized only with total RNA from TGEV-infected ST cell cultures; the total RNA from PRCV-infected ST cell cultures was not detected with the cDNA probe FP1.
in PRCV isolates. All PRCV isolates studied thus far have had large deletions in the 5' end of the S gene ranging from 621 to 681 nucleotides in length. 3, 8, 13, 20, 21, 23 The source of TGEV or PRCV RNA to be used in the above described immunochemiluminescent dot-blot hybridization assay can be isolated in 1 of 2 ways. First, TGEV or PRCV RNA can be obtained from virus-containing lysates from infected cell cultures, and second, total RNA can be obtained from infected ST cell cultures that are displaying TGEV or PRCV CPE. When using RNA from virus-containing cell culture lysates, we found that at least 10 5 PFU of TGEV could be detected. Previously, it has been calculated that 2 x 10 6 virions of TGEV is equivalent to 25 pg of TGEV genomic RNA. 16 Thus, the 10 5 PFU detected in this study would indicate that the immunochemiluminescent dot-blot hybridization assay described here is able to detect the equiv-alent of 1.25 pg of TGEV genomic RNA. Other researchers have reported that TGEV-specific cDNA probes labeled with 32 P can detect from 25 to 200 pg of genomic TGEV RNA. 2, 24 This indicates that the immunochemiluminescent dot-blot hybridization assay described here using digoxigenin-labeled cDNA probes is 20 to 160 times more sensitive than previous reports utilizing 32P-labeled cDNA probes.
Also, we have found that when using the immunochemiluminescent dot-blot hybridization assay procedure to detect TGEV or PRCV RNA in virus-containing cell lysates, a rather high background level was present. The high background generally was evident on exposure of the X-ray film to the nylon membranes for periods longer than 1 hour. Thus, it appears that isolating total RNA from infected ST cells that are showing CPE of PRCV or TGEV will give the best results in this procedure. This is most likely attributable to the ability of the probes to more readily detect the high copy numbers of genomic RNA and subgenomic mRNA 2 found in infected ST cells, as compared to single genomic RNA copies found in virions.
We have found that enterovirus contamination is a common occurrence in ST cell cultures when using nasal swabs to isolate PRCV from swine. Even though enterovirus causes a different CPE in ST cells than that produced by PRCV, enterovirus contamination should not be a problem in this assay as the cDNA probes used in this study were shown not to react to 3 different groups of enteroviruses (groups 1, 2, and 8c). As reported by other researchers, it would be expected that the probe FP2 would detect nucleic acid from antigenically related coronaviruses, such as feline infectious peritonitis virus and canine coronavirus. 1, 2, 22 Although PRCV continues to be isolated from swine herds in the United States, its prevalence is not known. As more researchers attempt to obtain PRCV isolates for field studies on the prevalence of PRCV or to further study the molecular characteristics and pathogenicity of new PRCV isolates, the immunochemiluminescent dot-blot hybridization assay should be beneficial. The immunochemiluminescent dot-blot hybridization assay described in this article provides a rapid, specific, and nonradioactive detection system to differentiate PRCV from TGEV.
